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SUMMARY 

The aim of this systematic review of the literature was to summarize the results of scientific publications on the clinical effectiveness of 
the cochlear implant (CI) procedure in children. The members of the Working Group first examined existing national and international 
literature and the principal international guidelines on the procedure. They considered as universally-accepted the usefulness/effective- 
ness of unilateral cochlear implantation in severely-profoundly deaf children. Accordingly, they focused attention on systematic reviews 
addressing clinical effectiveness and cost/efficacy of the CI procedure, with particular regard to the most controversial issues for which 
international consensus is lacking. The following aspects were evaluated: post-CI outcomes linked to precocity of CI; bilateral (simultane- 
ous/sequential) CI vs. unilateral CI and vs. bimodal stimulation; benefits derived from CI in deaf children with associated disabilities. With 
regard to the outcomes after implantation linked to precocity of intervention, there are few studies comparing post-CI outcomes in children 
implanted within the first year of life with those of children implanted in the second year. The selected studies suggest that children im- 
planted within the first year of life present hearing and communicative outcomes that are better than those of children implanted after 12 
months of age. Concerning children implanted after the first year of life, all studies confirm an advantage with respect to implant precocity, 
and many document an advantage in children who received cochlear implants under 1 8 months of age compared to those implanted at a 
later stage. With regard to bilateral CI, the studies demonstrate that compared to unilateral CI, bilateral CI offers advantages in terms of 
hearing in noise, sound localization and during hearing in a silent environment. There is, however, a wide range of variability. The studies 
also document the advantages after sequential bilateral CI. In these cases, a short interval between interventions, precocity of the first CI 
and precocity of the second CI are considered positive prognostic factors. In deaf children with associated disabilities, the studies analyzed 
evidence that the CI procedure is also suitable for children with disabilities associated with deafness, and that even these children may 
benefit from the procedure, even if these may be slower and inferior to those in children with isolated deafness, especially in terms of high 
communicative and perceptive skills. 

KEY WORDS: Cochlear implant • Bilateral cochlear implant • Severe to profound hearing loss • Disabilities 
RIASSUNTO 

L'obiettivo della revisione sistematica della letteratura e stato quello di sintetizzare i risultati degli studi scientifici pubblicati sull'effi- 
cacia clinica della procedura di impianto cocleare (IC) nel bambino. I componenti del Gruppo di Lavoro, viste le evidenze della lette- 
ratura nazionale ed internazionale e analizzate le principali linee guida internazionali riguardanti la procedura in oggetto, decidono di 
considerare come universalmente accettata I'utilita/efficacia della procedura dilC unilaterale nelle sorditd gravi/profonde del bambino 
e di focalizzare la review sulle tematiche piii attuali e piti discusse, per per le quali non esiste ancora un consenso internazionale. In 
particolare, si e proceduto alia valutazione del seguenti aspetti: risultati post-IC in rapporto alia precocitd dell'IC; IC bilaterale (si- 
multaneo/sequenziale) vs. IC unilaterale e vs. stimolazione bimodale; beneficio derivato dalla procedura di IC in bambini con disabilita 
associate alia sorditd. Riguardo ai risultati post-IC in relazione alia precocitd del'intervento, sono pochi gli studi della letteratura che 
confrontano i risultati post-IC di bambini impiantati entro il primo anno di vita con quelli di bambini impiantati nel secondo anno 
di vita. Gli studi selezionati evidenziano comunque che bambini impiantati entro il primo anno di vita presentano risultati uditivi e 
soprattutto comunicativi migliori rispetto a quelli impiantati dopo i 12 mesi di eta. Per quanto riguarda i bambini impiantati dopo il 
primo anno di vita, tutti gli studi documentano un vantaggio in relazione alia precocitd di impianto, e tra questi molti documentano 
un vantaggio in bambini sottoposti alia procedura entro i 18 mesi di vita rispetto a quelli impiantati in epoche successive. Riguardo 
all'lC bilaterale, gli studi selezionati dimostrano che VIC bilaterale rispetto all'lC unilaterale offre vantaggi nell' ascolto nel rumore, 



281 



F. Forli et al. 



nella localizzazione sorgente sonora, durante I'ascolto nel silenzio. E'comunque presente una ampia variability nei risultati. Gli studi 
documentano vantaggi anche dopo IC bilaterale sequenziale. In questo caso vengono considerati fattori prognostici positivi un breve 
intervallo tra i due interventi, la precocitd del prima IC, la precocitd del secondo IC. Per quanto riguarda la procedura di IC in bambini 
con disabilita associate, gli studi selezionati documentano che la procedura di IC e indicata anche in bambini con disabilitd associate 
alia sordita e che questi bambini presentano benefici dalla procedura, anche se piii lenti e inferiori rispetto ai bambini con sordita 
isolata, soprattutto in termini di abilitd comunicative e percettive elevate. 

PAROLE CHIAVE: Impianto cocleare • Impianto cocleare bilaterale • Sordita grave-profonda • Disabilitd 
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Introduction and aim 

The aim of this systematic literature review was to sum- 
marize the results of scientific publications on the clini- 
cal effectiveness of the cochlear implant (CI) procedure 
in children. The members of the Working Group first ex- 
amined existing evidence from national and internation- 
al literature and the main international guidelines con- 
cerning the procedure They considered as universally 
accepted the usefulness/effectiveness of unilateral coch- 
lear implantation in severely-profoundly deaf children. 
Accordingly, they focused their attention on systematic 
reviews addressing clinical effectiveness and cost/effi- 
cacy of CI procedure, with particular regard to the most 
controversial issues for which international consensus 
does not yet exist. 

For preparation of the review article on the clinical ef- 
fectiveness of CI in children, the following aspects were 
evaluated: 

1 . post-CI outcomes linked to precocity of CI; 

2. bilateral (simultaneous/sequential) CI vs. unilateral CI 
and vs. bimodal stimulation; 

3. benefits derived from the CI procedure in deaf children 
with associated disabilities. 

Methods 

A systematic review of the literature was undertaken 
using explicit and reproducible methodology aimed at 
minimizing any possible distortions, biases or erroneous 
conclusions caused by the exclusion of important studies, 
according to the recommendations made by the System- 
atic Reviews CRD 's guidance for undertaking reviews in 
health care 2 . 

Search strategy 

A systematic review of the literature was performed using 
the following databases: PubMed Medline and Cochrane 
Systematic Review Database. Furthermore, the major 
Internet sites and guidelines from national and interna- 
tional scientific societies were consulted. Bibliographical 
research was completed by assessing the bibliographical 
entries of pertinent, previously selected publications. 



Research Issues 

Bibliographical research performed on databanks using 
the MeSH descriptor or a combination of keywords was 
limited to articles published in English. The search in 
PubMed Medline was conducted on works published 
after the year 2000. Owing to the rapid progress of 
technology and the rapidly-expanding indications to CI 
procedure, papers published before the year 2000 were 
excluded. 

The first bibliographical search was undertaken in 2009. 
At a later stage, bibliographic research was updated for 
the period of publication from 2009 to 31 May 2010. 

Bibliographical research characteristics 

• PubMed Medline: "Cochlear Implants" [Mesh] AND 
(("2000"[PDat]:"2009"[PDat]) AND (English [lang]) 
AND ((infant[MeSH] OR child[MeSH] OR 
adolescent[MeSH]))) => 929 results. 

• Cochrane Systematic Review Database: MeSH de- 
scriptor cochlear implants explode all trees. A total of 
107 results up to 31 May 2010. All studies retrieved by 
the Cochrane Systematic Review Database were also 
selected by PubMed Medline. 

Outcomes assessed 

Studies reporting one or more of the following outcomes 
were evaluated: audiological results and language and 
communication results. 

Exclusion criteria 

Articles which did not present the above-listed charac- 
teristics were not considered. Articles presented at con- 
gresses but not submitted to peer-reviewing, as well as 
case reports, letters, commentaries and non-English stud- 
ies published before the year 2000 were also excluded. 
The inclusion criteria were applied by one reviewer and 
then checked by a second. Any dissenting opinions were 
resolved through discussion. 

Strategy to assess the quality of studies 
The publications identified according to the search cri- 
teria described above were examined by two independ- 
ent reviewers. Any dissenting opinions were resolved 
through discussion. A preliminary selection was made 
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on the basis of titles and abstracts. The works were then 
examined in full-text format, and assessed in terms of 
methodological quality and usefulness of the reported 
results for the type of analysis to be conducted. Method- 
ological quality was assessed using the available tools, 
according to the criteria specified in the report System- 
atic Reviews CRD's guidance for undertaking reviews in 
health care 2 . 

Strategy of data extraction 

The data were extracted by a reviewer and checked by a 
second. Any dissenting opinions were resolved through 
discussion. Tables summarizing the main information on 
each study included were produced, including Authors' 
name, year of publication, title of the journal, sample pop- 
ulation and other data concerning methods, devices and 
results (Tables I-III). 

Results 

A total of 929 studies on the clinical effectiveness of the 
CI procedure in paediatric patients were identified us- 
ing the research criteria listed in the Aims. A preliminary 
evaluation was performed on the basis of the titles and 
abstracts, and 138 works were selected and examined in 
full text format. A total of 49 studies on CI in children 
were chosen and used for the review. The principal docu- 
ments containing the guidelines for the procedure of na- 
tional and international CI were examined. A summary 
of the review and assessment of the literature studies is 
shown in Figure 1 . 

Bearing in mind the purpose of this review, the following 
articles were selected which concerned clinical effective- 
ness of the CI procedure in paediatric age: 22 articles on 
"post-CI results related to CI precocity"; 20 articles on 
"bilateral (simultaneous/sequential) CI vs. unilateral CI 
and vs. bimodal stimulation"; 7 articles on the "benefit 
derived from the CI procedure in children with disabilities 
associated with deafness". 

Tables I, II and III include the articles selected, subdivid- 
ed according to subject with detailed information on the 
authors, title, journal and year of publication, as well as 
sample features, most relevant data on the methods adopt- 
ed, results and conclusions. 

With regard to the analysis of the results, it was not pos- 
sible to perform a meta-analysis. Study design, type of 
comparison and results of the articles selected for inclu- 
sion in the review were different, and therefore it was 
difficult to define the features on which to base vari- 
ations in outcome. The studies included in the review 
presented variability related to type of interventions and 
outcomes (clinical differences), and study design and 
error risk (methodological differences). Therefore, the 
studies presented variabilities in the effects of interven- 
tion, and consequently statistical differences resulting 
from both methodological and clinical diversity. There - 



Articles excluded on Ihe basis of 
title/abstract analysis: 791 




Articles evaluated in lull lext copy: 138 (1 article not found) 
Articles excluded by analysis of full text: 88. 
Non-pcrtincnt/uscful data: 44 

Non-pertinent sample: 14 
Non-pertinent methodology: 30 




Articles included for review: 49 



Fig. 1 . Summary of selection of literature articles. 

fore, a meta-analysis was not feasible, as the studies 
included in the review were not sufficiently consistent 
in terms of types of participants, interventions and out- 
comes, and therefore could not provide statistically sig- 
nificant results. 

The two most recent systematic reviews on the proce- 
dure 3 4 reported the same difficulty in performing a meta- 
analysis, and were therefore limited to a narrative descrip- 
tion of previous studies. 

Results 

Post-CI results in relation to early cochlear implantation 
A total of 22 studies were selected from the literature 
(Table I). Considering the introduction of CI in children 
younger than twelve months, few studies in the litera- 
ture have compared post-CI results in children implanted 
within the first year of age, compared to those implanted 
between 12 and 24 months. 

The results in children implanted in their first year of 
life are reported in 7 studies. However, statistical sig- 
nificance of the data is not confirmed in all studies sub- 
mitted to statistical analysis (Table I). Furthermore, the 
data in the selected publications is insufficient to assess 
whether the advantages identified in children implanted 
in their first year of life is retained over time and to what 
extent they are influenced by a longer period of usage of 
the implant. 

Dettman et al. 5 observed improved language outcomes in 
children implanted within the first year compared to those 
implanted between 12 and 24 months. Moreover, lan- 
guage development in children implanted within the first 
12 months of life seems to be similar to that of their hear- 
ing peers. However, it is not clear whether this advantage 
identified in children implanted in their first year of life is 
retained over time and whether the results are influenced 
by a longer period of usage of the implant. 
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Miyamoto et al. 6 documented the best results in language de- 
velopment (comprehension and production) in children im- 
planted before the first year of age, but owing to the limited 
sample they were unable to draw any definite conclusions. 
Colletti V. et al. 7 , and later Colletti L. 8 , reported better 
results in terms of development of verbal perception, re- 
ceptive language and verbal understanding in children 
implanted within the first year of age compared to those 
implanted in the second and third years of age. This data 
was statistically significant. 

Lesinsky et al. 9 recorded better results of verbal percep- 
tion in open set in children implanted before the first 12 
months of age than in those implanted during the second 
year of age, at 2-year follow-up. However, the results were 
not statistically significant. 

Ching et al. 10 confirmed better and more rapid outcomes 
in terms of perception and production related to linguistic 
development in children implanted within the first year of 
life compared to those implanted at a later stage; however, 
the Authors did not specify the age of implantation in this 
latter group of children. 

Holt and Svirsky 11 found no evident advantages in chil- 
dren implanted before 12 years of age compared to those 
implanted in the second year of life. There were only a 
small number of case studies of children implanted within 
the first year of life (n ± 6). 

According to the studies selected 12 , the advantages of CI 
after the first year of life were more favourable in relation 
to implant precocity. The studies evaluated were hetero- 
geneous for the age ranges analyzed and outcomes evalu- 
ated. In particular, the different age ranges examined in 
these studies is likely to be related to the different periods 
in which the investigations were performed. Moreover, 
the statistical analysis did not always provide statistically 
significant outcomes (Table I). 

As far as perceptive abilities are concerned, Robbins 
et al. 13 documented results which were better in children 
implanted before 18 months of age vs those implanted 
between 18 and 25 months. Similarly, Novak et al. 14 re- 
ported better and more rapid language outcomes in chil- 
dren implanted before 18 months vs children implanted 
between 18 and 25 months. 

Niparko et al. 15 also referred better and more rapid lan- 
guage outcomes in children implanted before 18 months 
of age vs those implanted at later stages. 
Hayes et al. 16 documented higher development velocity 
in terms of perceptive vocabulary in children implanted 
within the first two years of age compared to children im- 
planted between 2 and 5 years of age. 
Miyamoto et al. 6 and Svirsky et al. 12 found better results 
in terms of language development (comprehension and 
production) in children implanted within the first two 
years of age vs those implanted after two years (in Svir- 
sky et al.; the comparison was with children implanted 
between 2 and 4 years of age). 
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Holt and Svirsky 11 recorded an advantage in expressive 
and receptive language in terms of implant precocity and 
more rapid development in earlier implanted children than 
in a group of children who received CI within the first 4 
years of age. However, as far as development of word rec- 
ognition ability is concerned, no differences were found 
in relation to early implantation. 

Nicholas and Geers 17 demonstrated better outcomes in 
children implanted earlier, with regard to children im- 
planted between 12 and 38 months of age. 
Nicholas and Geers 18 observed improved results in chil- 
dren implanted before two years of age compared to those 
implanted at later stages. Anderson et al. 19 documented 
better and more rapid results in terms of verbal perception 
and of language development in children implanted in the 
first 2 years of age compared to those implanted between 
2-4 and 4-6 years. 

Manrique et al. 20 recorded better results in terms both of 
verbal perception and language development in children 
implanted before three years of age than in children im- 
planted at later stages. In a study carried out in the same 
year by Manrique et al. 21 , the same group confirmed bet- 
ter results of verbal perception and language development 
in a group of children implanted before the age of two 
compared to children implanted between 2 and 6 years 
of age. 

Wu et al. 22 , Lee et al. 23 and Sainz 24 documented better 
verbal perception in children implanted within the third 
year of age vs those implanted at a later stage. Hassan- 
zadeh et al. 25 document better results in the verbal per- 
ception of children implanted within the third year of age 
vs those implanted at later stages. Nikolopoulos et al. 26 
demonstrated better grammar competence in children im- 
planted within the first 4 years of age vs those implanted 
at later stages. 

In summary, there are few studies in literature comparing 
post-CI outcomes in children implanted within the first 
year of life with those of children implanted in the second 
year. The selected studies suggest that children implanted 
within the first year of life present hearing and especially 
communicative outcomes that are better than those of 
children implanted after 12 months of age. Unfortunately, 
only a limited number of studies have been published, and 
even fewer report statistical significance; the long-term re- 
sults are unknown. Moreover, it is impossible to establish 
what influence duration of CI usage rather than precocity 
of implant may have on outcomes, with particular regard 
to language. 

Concerning children implanted after the first year of life, 
all studies confirm an advantage with respect to implant 
precocity, and many document an advantage in children 
who received cochlear implants before 18 months of age 
compared to those implanted at a later stage. However, 
the cut-off in the different studies is variable, and not all 
studies report statistical significance. However, a "sen- 



sitive" period has been identified before 24-36 months, 
after which hearing and communicative outcomes are sig- 
nificantly inferior. 

Bilateral (simultaneous/sequential) CI vs. unilateral and 
vs. bimodal stimulation in children 
A total of 20 studies were selected on this issue (Ta- 
ble II). 

All the studies examined except for one - Schaefer 
et al. 27 - documented advantages derived from bilateral 
CI stimulation with respect to unilateral CI stimulation. In 
the studies in which the outcomes of children with bilat- 
eral CI were compared with those of children with unilat- 
eral CI, no effective control group exists with the excep- 
tion of the study by Beijen et al. 2S , in which the results of 
children with bilateral CI were compared with those of 
a control group formed by unilateral CI users. Nineteen 
studies have reported on the advantages of bilateral stimu- 
lation both in verbal perception of noise and the capacity 
of identifying the sonorous source, despite the variability 
of results seen in some investigations 29 " 47 . 
Gordon and Papsin 40 , Scherf F et al. 41 and Peters et al. 44 
reported on the advantages of bilateral compared to monola- 
teral CI, even when hearing occurs in a silent environment. 
Bilateral CI can be performed simultaneously or sequen- 
tially (namely by two independent surgical interven- 
tions, with the time interval between the two operations 
ranging from months to years). In the case of sequential 
CI, no definitive data exists concerning the influence of 
duration of the time interval between the two interven- 
tions and the benefits following the second implant. An 
advantage derived from the second implant is reported in 
all the literature studies on the issue, even in the cases 
of a long interval between the two interventions, despite 
wide interindividual variability. However, long interval 
and long duration of hearing deprivation in the second ear 
seem to negatively influence outcomes after the second 
implant 32 33 40 " 45 . Scherf F et al. 41 reported that there were 
advantages from the second CI even in children who re- 
ceived the second implant at a considerable distance from 
the first (> 6 years of age): however, these results appear 
to be slower than those achieved by children receiving the 
second implant after a short delay (< 6 years). Galvin KL 
et al. 35 reported a benefit from the second implant even in 
adolescents or young adults affected by pre-lingual deaf- 
ness and already using unilateral CI. 
Peters et al. 44 and Wolfe et al. 33 documented that in some 
of the cases in which the second ear was implanted at an 
early age (within 4 years of age in Wolfe et al. and 5 years 
in Peters et al.), the outcomes with the second CI reached 
those obtained for the first implanted ear. 
Furthermore, a number of studies have demonstrated an 
advantage in the use of bilateral CI in patients who re- 
ceived the first implant at an early stage. In this respect, 
Van Deun 43 report better outcomes with bilateral CI in 
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children who received the first implant very early (< 2 
years of age) and in those with a small time interval be- 
tween the two interventions. An advantage in relation to 
precocity of the first implant was also reported by Gordon 
and Papsin 40 and Zeitler et al. 46 . 

None of the selected studies compared the results obtained 
in children who received bilateral CI by simultaneous and 
sequential procedures. The study by Scherf et al. 42 sug- 
gests that there are subjective benefits derived from the 
use of a second implant in bilaterally implanted children 
with sequential procedure, evaluated by parental ques- 
tionnaires and interviews. 

In 4 studies, the benefits derived from bilateral hearing 
were compared in two groups of patients: bilateral CI us- 
ers and bimodal stimulation users. In 2 studies, Litovsky 
et al. 36 37 reported on the advantages (in verbal perception, 
noise, and localization of the sonorous source) deriving 
from bilateral stimulation in both situations, although the 
advantages were more evident in bilateral CI patients. 
No hearing advantages derived from bilateral stimulation 
(via bilateral CI or bimodal stimulation) in noisy environ- 
ments were documented by Shaefer et al. 21 . Instead, the 
authors reported that there were benefits obtained using 
the frequency modulation (FM) system. Mok et al. 47 re- 
corded the advantages produced by bilateral stimulation 
in both groups of patients when listening in a noisy en- 
vironment, but noticed a greater advantage in the second 
device in children using bimodal stimulation. 
In conclusion, the selected studies demonstrate that com- 
pared to unilateral CI, bilateral CI offers advantages in 
terms of hearing in noise (+++), localization of the sono- 
rous source (+++) and during hearing in a silent environ- 
ment. There is however a wide range of variability. 
None of the studies have analyzed the benefits of bilateral 
vs monolateral CI in terms of language and learning de- 
velopment. Concerning simultaneous vs. sequential bilat- 
eral CI, no study has compared outcomes in patients who 
received simultaneous and sequential CI. 
The studies also documented some advantages after se- 
quential bilateral CI. In these cases, a short interval be- 
tween interventions, precocity of the first CI and precocity 
of the second CI were considered positive prognostic fac- 
tors. The precise interval limit between the two operations 
after which the sequential procedure is contraindicated is 
not reported, but long intervals generally seem to be as- 
sociated with slower and fewer benefits from the second 
implant. 

Benefit derived from CI procedure in deaf children with 
associated disabilities 

A total of 7 articles were selected on this issue (Table III). 
The groups of children analyzed were heterogeneous with 
regard to type of disability associated with deafness and 
number of associated disabilities, as well as other variables 
conditioning post-CI results (age at time of CI, use of hear- 



ing aids before CI, type of rehabilitation performed, etc.). 
All the selected studies reported post-CI benefits in this 
category of children, although they were inferior and 
slower compared to those generally reached by implanted 
children with isolated deafness 48 54 . 
None of the studies examined auditory/communicative/ 
quality of life results in implanted children with disabili- 
ties associated with deafness compared to those obtained 
in children in the same category (children with disabilities 
associated with deafness), treated by traditional hearing 
aids. The post-CI results obtained in children with dis- 
abilities associated with deafness have been compared to 
those obtained by children affected by isolated deafness 
in only one study 48 . 

In summary, the studies analyzed suggest that the CI pro- 
cedure is also suitable for children with disabilities asso- 
ciated with deafness. However, there are some rare cases 
linked to modest outcomes, and some authors considered 
that there are contraindications for the procedure (severe 
form of autism, serious psychotic disturbances and severe 
to profound mental retardation). 

From the studies included in the review, it emerges that 
even children with disabilities associated with deafness 
may draw benefits from the procedure, even if they are 
slower and inferior to those of children with isolated deaf- 
ness, especially in terms of high communicative and per- 
ceptive skills (e.g. development of oral language, open set 
recognition abilities). 

In these cases, it can be difficult to assess post-implant 
benefits with regards to perceptive abilities and language 
development using standardized tests; furthermore, the 
results of these tests may not reflect the actual benefits ob- 
tained and reported by parents in terms of quality of life. 
Therefore, literature studies underline the need for assess- 
ment tools that are different from those commonly em- 
ployed, which can allow assessment of benefits in various 
aspects of everyday quality of life (e.g. questionnaires). 

Discussion and conclusions 

The purpose of this report was to assess the clinical ef- 
fectiveness of cochlear implants for children. The mem- 
bers of the WG, after examining existing research evi- 
dence of the national and international literature and the 
main international guidelines, considered as universally 
accepted the usefulness/effectiveness of unilateral coch- 
lear implantation in severely-profoundly deaf children. 
Within the context of the current review, two system- 
atic reviews on CI procedure have been published 3 4 , 
and both concluded that there was consistent evidence 
that cochlear implantation is a safe, reliable and effec- 
tive strategy for children with severe to profound sen- 
sorineural deafness. 

As a consequence, the members of the WG focused their 
attention on clinical effectiveness of CI procedure, with 
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particular regard to the most controversial issues for 
which international consensus is still lacking. 
The first topic the WG analyzed was the age at implanta- 
tion in a paediatric age. According to most international 
guidelines, the lower limit is 12 months and the appropri- 
ateness of the procedure in the first year of life is widely 
discussed. In cases of cochlear ossification, CI is also per- 
mitted under 12 months of age. 

With regards to hearing levels in relation to age at implan- 
tation, international guidelines indicate different levels of 
hearing over which CI is indicated. Some guidelines refer 
to the PTA (pure tone audiometry between 0.5-1-2 kHz), 
while others refer to the mean threshold between 2 and 
4kHz (UK) 55 . 

For example, in children over 2 years of age, according 
to the Food and Drug Administration (FDA), CI is indi- 
cated with a PTA > 70 dB, while according to Belgian 
guidelines with a PTA > 85 dB associated with auditory 
brainstem responses (ABR) threshold > 90 dB HL 55 . The 
British Cochlear Implant Group (BCIG) considers CI ap- 
propriate for children over 2 years of age with thresholds 
between 2 and 4 kHz > 90 dB 55 . Italian guidelines allow 
CI in children over 36 months of age with PTA > 75 dB 
With regards to the lower limit of age in relation to hear- 
ing threshold, generally CI between 12 and 24 months is 
accepted only in the case of profound deafness, but Italian 
guidelines consider 36 months the lower limit of age to 
implant a child with severe deafness 1 55 . 
Concerning hearing aid training and rehabilitative results 
with traditional hearing aids, most of the international 
guidelines indicate that training with traditional hearing 
aids for a period longer than 3 months is necessary before 
implantation, and generally CI is admitted in the case of 
unsatisfactory perceptive and communicative results with 
hearing aids 1 55 . Other guidelines indicate different limits, 
as Belgian ones refer to 30% as the limit under which CI 
is indicated in children 55 . 

With regard to the age of implantation in children, none of 
the existing systematic reviews 34 analyzed the topic of the 
lower limit of age for CI in children; they both report that 
greater benefits are found with earlier implantation and a 
shorter duration of deafness prior to implantation. 
The WG of the present project drew the following recom- 
mendations. 

In children under 2 years of age CI is indicated when all 

three of the following criteria are satisfied: 

• Age: > 12 months. The actual level of evidence does 
not justify systematic implantation in the first year 
of life. This indication should be limited to cochlear 
ossification or to selected cases reliably evaluated 
by experienced teams, with a definite diagnosis with 
regard to hearing threshold, aetiology and site of le- 
sion. 



• Hearing threshold level: CI is indicated in children with 
bilateral profound deafness (mean threshold between 
0.5-1-2 kHz > 90 dB HL), detected with both subjective 
and objective methods. 

• Results with hearing aids: no significant communicative 
and hearing results after a period of 3-6 months with 
hearing aids and speech therapy training (except in the 
case of documented incipient cochlear ossification). 

In children between 2 and 18 years of age, CI is indicated 
when all three of the following criteria are satisfied: 

• Hearing threshold level: CI is indicated in children with 
bilateral severe to profound hearing loss (mean thresh- 
old between 0.5-1-2 kHz > 75 dB HL) detected with 
both subjective and objective methods. 

• Results with hearing aids: no significant 3 communica- 
tive and hearing results after a period of 3-6 months 
with hearing aids and speech therapy training (except 
in the case of documented incipient cochlear ossifica- 
tion). 

• Speech perception abilities: evaluation of speech per- 
ception abilities is recommended using materials ap- 
propriate to age and speech development. CI is indi- 
cated if the open-set speech recognition score is < 50% 
in the best aided condition without lip reading. In se- 
lected cases, CI is indicated if open-set speech recogni- 
tion score is < 50% in the best aided condition without 
lip reading with background noise (signal to noise ratio 
SNR + 10). 

The other topic the WG analyzed was the clinical effec- 
tiveness of bilateral CI in children. To our knowledge, 
no international guidelines exist on this issue. According 
to NICE guidance 4 , simultaneous bilateral CI is cost-ef- 
fective in children with severe to profound sensorineural 
deafness; the guidance accept sequential procedures only 
for children previously unilaterally implanted. According 
to Bond et al. 3 , the clinical evidence for bilateral implan- 
tation suggests that there is additional gain from having 
two devices. 

Regarding bilateral CI in children, the WG drew the fol- 
lowing recommendations. Bilateral CI in children is indi- 
cated in the following conditions: 

• Children with bilateral profound sensorineural hearing 
loss, who cannot achieve significant benefits with bi- 
modal hearing. 

• Children with deafness and initial bilateral cochlear os- 
sification (ex. post-meningitic). 

• Deaf -blind children. 

• Unsatisfactory results with unilateral CI, if better re- 
sults are achievable with a contralateral CI. 

• Children with CI failure if reimplantation in the same 
ear is contraindicated. 

• Children with multiple disabilities (case by case evalu- 
ation). 



3 Speech, language and listening skills appropriate to age, developmental stage and cognitive ability. 
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Both simultaneous and sequential procedures are admit- 
ted, although the simultaneous procedure is recommend- 
ed. In the case of sequential bilateral implantation, a short 
delay between surgeries is recommended. 
The third topic the WG analysed was CI in deaf children 
with additional disabilities. It is an emerging issue which 
CI teams have to face. To our knowledge, none of the in- 
ternational guidelines or existing systematic reviews have 
specifically analysed this issue 3 4 . The WG recommended 
the following. 

CI in children with multiple disabilities is indicated. In- 
dications and prognosis should be considered on a case- 
by-case basis. Comprehensive counselling with family 
members and caregivers is mandatory. Benefits after im- 
plantation can be expected both in terms of speech and 
language improvements and in quality of life. 
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